Abstract: The 100+ free parameters of the minimal supersymmetric standard model (MSSM) make it computationally difficult to compare systematically with data, motivating the study of specific parameter reductions such as the cMSSM and pMSSM. Here we instead study the reductions of parameter space implied by using minimal flavour violation (MFV) to organise the R-parity conserving MSSM, with a view towards systematically building in constraints on flavour-violating physics. Within this framework the space of parameters is reduced by expanding soft supersymmetry-breaking terms in powers of the Cabibbo angle, leading to a 24-, 30-or 42-parameter framework (which we call MSSM-24, MSSM-30, and MSSM-42 respectively), depending on the order kept in the expansion. We provide a Bayesian global fit to data of the MSSM-30 parameter set to show that this is manageable with current tools. We compare the MFV reductions to the 19-parameter pMSSM choice and show that the pMSSM is not contained as a subset. The MSSM-30 analysis favours a relatively lighter TeV-scale pseudoscalar Higgs boson and tan β ∼ 10 with multi-TeV sparticles.
Introduction
Supersymmetry, when linearly realised, requires the existence of superpartners to the known elementary particles, and robustly dictates their quantum numbers. Less robustly dictated are their masses and couplings once supersymmetry is spontaneously broken, as experiments demand it must be. A full description of these requires the more than 100 parameters of the supersymmetry-breaking sector of the R-parity conserving minimal supersymmetric Standard Model (MSSM).
The challenge of confronting such a vast parameter space with data drives the development of various kinds of well-motivated benchmark models. The earliest of these, the cMSSM/mSUGRA [2] , specialises to a restricted parameter space motivated by what would be generated if supersymmetry were broken in a flavour-blind hidden sector (as suggested by the earliest gravity-mediation models). This simple model is one of the main benchmarks against which LHC results are compared, with the result that it is in real tension with the data.
But should this tension be regarded as evidence against supersymmetry, even if only in its linearly realised 1 form? Answering this requires a more detailed exploration of the parameter space, yet a complete scan of the total parameters still remains beyond our current computational capabilities.
What is needed is a more strategic survey of the possibilities, of which several approaches have emerged. One approach -for example, Gauge-Mediated Supersymmetry Breaking (GMSB) [4] , or more sophisticated string-motivated gravity mediation mechanisms [5] -is to explore alternative mechanisms of supersymmetry breaking whose low-energy implications differ from those of the minimal gravity-mediated picture. Another focusses less on surveying the parameter space and more on the generic features of the underlying production and decay mechanisms, such as appear in 'simplified models' [6] . Comparison of such models to the data can quantify which of these mechanisms are favoured or disfavoured. A more specific 'simplified models' approach instead focuses on those interactions that take part in the naturalness issues that underlie the motivation for supersymmetry in the first place [7] .
A third approach is to try to broadly survey the allowed parameter space, but to use prior knowledge about other constraints (like limits on flavour and CP violations) to cut down the range of parameters examined at the LHC. Of course this would be simple if it were just a matter of removing couplings that are excluded by other constraints. How the parameters are best pruned is more of a judgement call when the couplings of interest are not directly forbidden by other observations. The phenomenological MSSM (pMSSM) [8] is one of the leading approaches along these lines which stakes out a 19-parameter subset of MSSM by removing all members of potentially dangerous families of couplings -such as all flavour-changing interactions beyond those already in the Standard Model (SM), for example. Besides providing a good motivation for dropping the discarded parameters, the remaining 19-parameter set is also broad enough to include many models and yet small enough to allow reasonably systematic comparisons with LHC data. On the other hand a drawback of the pMSSM is the relatively ad-hoc way that the couplings are truncated in detail (in the precise sense described in more detail below).
Our goal in this paper is to proceed further along this line of reasoning, in particular to cast the removal of parameters in terms of approximate symmetries. This has the advantage of building in at the outset naturalness constraints since radiative corrections are guaranteed to respect the choices made for the assumed hierarchies amongst the model's parameters. In particular we use Minimal Flavour Violation (MFV) [9, 10, 11, 12] as our main symmetry criterion to limit flavour-changing physics, wherein the flavour symmetries of the SM in the absence of Yukawa couplings are assumed to be broken only by other parameters that transform as do the SM Yukawa couplings themselves. In such a formulation all of the magic of the GIM mechanism [13] is automatically incorporated because flavour-changing interactions are typically suppressed by the same small mixing angles as are those of the SM fermions.
When imposed on the MSSM, the MFV hypothesis expresses flavour-violating supersymmetrybreaking interactions in new basis which emphasises their transformation properties under the approximate global flavour symmeties. This makes it possible to associate a power of the small symmetry-breaking size to all flavour-changing interactions in a way that is consistent with the known flavour-changes of the SM itself. Counting the suppression by this symmetry-breaking parameter provides a natural way to rank their size (and thereby gives a natural parameter-selection procedure, wherein one neglects all terms beyond a fixed order [9, 10, 14] ). Of course, we are not the first to apply MFV methods to models beyond-the-SM (BSM) [11] or to the MSSM [10, 12] . However, we believe our work represents the first use of MFV for systematic comparison of the MSSM to experiment.
Although very similar in spirit to the ideas behind the pMSSM, the MFV approach differs in detail and offers several advantages. An important advantage is the ability to strengthen (or weaken) the MFV parameter-selection prescription at will to exclude more (or fewer) interactions, simply by changing the order in symmetry breaking that is to be neglected. This is to be contrasted with setting all off-diagonal mass terms to zero by hand once and for all, as is done for the pMSSM. In this paper we consider three such choices: the strongest is a 24-parameter MSSM-24, which works at the lowest nontrivial order. At next order is a 30-parameter MSSM-30 and at the order beyond this lies a 42-parameter Adams' model, 2 MSSM-42. Interestingly, none of these parameter sets contain the pMSSM, which is not defined by any fixed order in the MFV's small flavour-mixing parameter expansion.
All three of these are multi-parameter alternatives to the pMSSM. They contain all of the pMSSM's main virtue and more. They are broad enough to include a large variety of well-motivated supersymmetric model points, and yet are small enough to bring within reach a systematic comparison with experimental data. As a first illustration we perform such a comparison for MSSM-30, showing that even this 30-parameter system is not too large to be surveyed using reasonable resources. The systematic exploration of these models should provide a better way for drawing quantitative inferences regarding whether linearly realised supersymmetry is yet disfavoured by current data. As is also the case for the pMSSM, the broader set of parameters contains some atypical expectations compared to the simpler and more constrained sub-spaces usually considered, until recently, in supersymmetry searches. Although we focus only on R-parity invariant interactions, the method can be easily extended to include the R-parity violating MSSM [18] .
From a bottom-up perspective, the drawback of using ad-hoc criteria for reducing the MSSM parameter space is the uncertainty of the theoretical prejudices that underlie the choices made. Selecting to work within a few-parameter framework comes with a cost -a potential loss of physics that may prove important. For example, moving from the cMSSM to the 20-parameter pMSSM, as done in Ref. [15, 17] , changed the favoured masses of the Higgs boson and the scalar top-quark to 119-128 GeV and 2-3 TeV respectively, at a time where such heavy masses were considered impossible within the traditional cMSSM.
Another example: by setting the off-diagonal mass terms to be zero within the pMSSM frame, certain diagrams that contribute to flavour changing decays (such as in the decay B s → µ + µ − ) are lost by construction.
The MFV framework provides a natural way to extend the number of parameters in a systematic fashion, order-by-order, from the traditional few-parameters towards the complete and phenomenological representations. We consider the work we present here as only a first step towards a more systematic approach to soft terms from a bottom-up perspective. Jumping from the handful of parameters of the cMSSM to phenomenological studies of the pMSSM took more than 25 years [15, 16, 17] due in part to the computational challenge of considering more than 5 parameters. Thanks to increasing computing capacities this is becoming less of an issue.
The main disadvantage of a Bayesian analysis for models with many parameters is that prior-dependence can limit the predictive power. One possible approach in the short term is to seek observables that are prior-independent and to estimate, qualitatively, the extent at which current data is able to constrain the supersymmetry models [23, 28, 25, 26] . In the longer term this is less of an issue as better, more constraining, data becomes available. In what follows we do not explore prior dependence in too much detail, beyond comparing some of our results with fits to the pMSSM, because our immediate goal is to define the general set-up for later use.
Our presentation is organised as follows. We first, in §2 describe in more detail the choices made both in the pMSSM and in our three realisations of the MFV-MSSM. §3 then describes a global fit of the MSSM-30 model to the data, with the goal of illustrating the utility of the MFV approach. Finally §4 briefly summarises our conclusions.
The models
In this section we provide a brief summary of the pMSSM and of the assumptions that go into the MFV-MSSMs that are compared later with observations. The starting point for both is the observation that a full comparison of LHC and other experiments data to the 100-plus parameters of the MSSM is not (yet) feasible, nor is it desirable (at the moment) given that many of these parameters describe processes that are strongly constrained by limits on flavour changing neutral currents (FCNCs) and on CP violation. Therefore we seek a methodology that allows a maximal probe of the MSSM parameter space with minimal imposition of ad-hoc relations or truncations amongst the free parameters.
Parameter pruning
We start with a broad-brush description of the pMSSM and MFV-MSSM, in particular showing how these are related to one another.
The pMSSM
The goal is to arrive at a criterion for excluding flavour-changing and CP-violating interactions. The pMSSM does so by making the following choices [8] :
• The absence of flavour-violating interactions (when renormalised at TeV scales);
• Degenerate masses and negligible Yukawa couplings for the first two generations of sfermions;
• No CP-violating interactions (beyond those of the SM CKM matrix);
• R-parity conservation;
• The lightest neutralino should be the lightest superpartner (LSP) and a thermal relic.
This approach leads to a model for which 19 parameters capture superpartner and multiple-Higgs physics. The 19 parameters are: 10 sfermion masses (m
; and 3 Higgs/Higgsino parameters (µ, M A , tan β). We see that its definition includes choices that are well-motivated but ultimately ad-hoc. For instance, to avoid extra CP-violating sources the supersymmetry-breaking terms are set, by hand, to be real. This amounts to the assertion that no CP-violation effects play an important role in physical processes or interactions at colliders. Similarly, the first and second generation sfermion masses are set to be degenerate in order to avoid conflict with the non-observation of FCNCs, while the flavour changes of the SM are of course kept. It is necessarily tricky to distinguish BSM physics that explicitly violates flavour from the higher order corrections through which flavour-blind BSM physics learns about SM flavour violation.
An alternative approach is to systematically represent all flavour physics effectsboth SM and BSM -as a perturbation involving some natural flavour expansion parameter, such as would be the case in an MFV analysis. Although inspired by MFV considerations, the pMSSM flavour constraints are not derived using MFV symmetry considerations (though this claim is sometimes made).
Minimal flavour violation: the MFV-MSSM
The MFV hypothesis [9] formulates the small size of flavour-violating effects in terms of approximate symmetries. To this end the starting point is to identify the large group, G, of flavour symmetries that the SM enjoys when all Yukawa couplings vanish. The assumption is then that the only quantities that break these symmetries are spurion fields that are proportional to the SM Yukawa couplings themselves. That is, the action is G-invariant when expressed in terms of its regular fields and the spurion fields, with the spurion fields then being replaced by their vacuum expectation values, whose values are inferred from the SM Yukawa couplings. This has the virtue of automatically building in the GIM cancellations required by observations once loop effects are included.
As applied to the MSSM the upshot is that MFV boils down to the requirement that all the low-scale MSSM flavour couplings can be reconstructed entirely out of appropriate powers of the SM Yukawa coupling matrices, Y U,D,E , ensuring that flavour violations are solely governed by the CKM matrix. Within the MFV framework, soft supersymmetry breaking terms are expanded in series of the G-invariant spurion factors [14, 9, 10, 19] :
Although the ellipses appear to denote an infinite series, this collapse to only a few terms due to the Cayley-Hamilton identities for 3 × 3 matrices. For instance, any generic matrix can be written in the form in Eq.(2.1), but generically the required coefficients, b i and c i , would span many orders of magnitude. The power of the MFV hypothesis lies in the assumption that the b i and c i are of order unity, with all small numbers suppressing flavour changes coming solely from those already in the Yukawa matrices. Trilinear scalar couplings similarly take the form (A E,U,D ) ij = (A ′ E,U,D Y E,U,D ) ij . Now, a non-symmetry way to truncate the above parameters to a flavour-blind set is to impose b i = c i = 0. This sets all off-diagonal elements of the matrices to zero and all diagonal elements are set to be equal to one another, leading to a 14-parameter flavourblind MSSM with no extra-SM sources of CP violation. Note these choices ensure the sfermion masses within each family are degenerate. Lifting the degeneracy to only the first two generations then gives the 19-parameter pMSSM. This shows how the pMSSM is related to the MFV MSSM, and why some of the assumptions in its construction do not rely on symmetries. By contrast, the number of MFV MSSM parameters in principle is the same as for the original MSSM, if we work to all orders in the small Yukawa couplings. However, within the MFV MSSM the number of parameters can be reduced in a systematic way by dropping terms smaller than a particular fixed order in small mixing angles (like the Cabibbo angle), as we now see.
Expansions in small mixing angles
A systematic approach for selecting the number of MSSM parameters have been prescribed in Ref. [14] . The counting rule explores the hierarchical structure along the offdiagonals terms of the Yukawa matrices usually expressed in terms of the Cabibbo angle, λ = sin θ CB ≃ 0.23. The idea starts from the observation that after the collapse of the infinite series in Eq. 
where V is the CKM matrix. The next relatively smaller terms are proportional to V * 2i V 2j . So V * 3i V 3j and V * 2i V 2j can be used as basis vectors with coefficients of order one and
ij , δ * i3 δ j3 and δ * i2 δ j2 can be used with order y 2 b and y 2 s coefficients respectively. Here δ ij is the unit matrix in family space. This way, all possible multipliable structures lead to new complete basis vectors that form a closed algebra under multiplication:
Note that the basis vectors are all of order one since each has at least one entry of order unity. With these, each of the MFV parameters can be assigned an order in λ. Once the accuracy of calculations is chosen in the form O(λ n ), then the prescription can be used to systematically discard terms within the supersymmetry-breaking parameters expansion expressed in the X i basis.
The MSSM-42 model
For instance, as done in Ref. [14] , dropping terms of order λ 6 ∼ 10 −4 and higher from the soft supersymmetry-breaking terms in Eq.(2.1) and Eq.(2.2), the MSSM parameters become:
Note that the MFV MSSM parametrisation cannot be reduced to the 19 parameters of the pMSSM.
The MSSM-11 model
Ideally we would like to reduce the number of parameters even further, keeping the systematic approach we are following here. This we cannot do, but it is possible to define a minimal extension of the constrained MSSM -i.e. the cMSSM -in a more ad hoc way by setting in the above: φ 1 = φ 2 = 0,ã 1 =ã 2 =ã 3 =ã 6 =ã 7 = m 0 , Re(ã 8 ) = Re(ã 4 ) = Re(ã 5 ) = A 0 , and Im(ã 8 ) = Im(ã 4 ) = Im(ã 5 ) = 0. That is,
This reduces the parameter space into an 11-parameters cMSSM or cMSSM-11. Given its simplicity it may be worth studying this model in detail even though it reintroduces some ad-hoc selection of parameters at the end.
Out of these sub-MSSMs derived via the MFV MSSM scheme, in this paper we concentrate on the MSSM-30 model and fit its parameters to experiments data as a first step into landscaping, and making further forecasts about, the MSSM parameter space.
The MSSM-30 fit
As mentioned earlier the MSSM-42 model cannot be reduced into the traditional pMSSM parameter space. The MSSM-24 is the closest to the pMSSM. However, looking at the parameter lists of the MSSM models mentioned in the previous section we select MSSM-30 for going beyond the pMSSM especially in the flavour sector. This is a first-step beyond the pMSSM within our series of MSSM projects [20, 15, 17, 21, 22, 23, 24, 25, 26, 27] that is systematically built for absorbing experimental data from both energy-and intensity frontiers to high-energy physics explorations. The explorations of the MSSM CP-violating phases within various constructs can be found in the literature such as in Refs. [29, 30, 14, 31, 32] . The sub-MSSMs mainly fall into one of the the various constrained MSSMs, the pMSSM or flavour-blind MSSM with variable extra-SM CP phases. The MSSM-30 goes beyond these by construction, considering that the systematic inclusion of the flavourviolating terms is important, and by number of parameters. The procedure for the Bayesian fit of the MSSM-30 to data is described as follows.
Fitting procedure
We use Bayesian statistical methods for fitting the MSSM-30 to data. Bayes' theorem takes two input information for deriving essentially two inference about the model addressed. The process has to be within a well-defined context. The context, H, for the MSSM-30 analysis is that the model represents R-parity preserving linearly realised supersymmetry and that the neutralino LSP make at least part of the cold dark matter (CDM) relic. One of the input is the assumption about the nature of the model parameters, θ. Here we assume a flat prior probability density, p(θ|H), over the MSSM-30 parameters in Eq.(2.5) 
For this analysis, the constraint from anomalous magnetic dipole moment of the muon is not included in order to avoid possible tension with the EDM constraints since this have the potential of slowing down the exploration of the MSSM-30 parameter space. The compatibility of the MSSM-30 with the data is quantified at each point in parameter space by the likelihood, the probability of the data set given the parameter point, p(d|θ, H). Assuming the observables are independent 3 , the combined likelihood
where the index i runs over the list of observables O, the variable x represents the predicted value of neutralino CDM relic density at an MSSM-30 parameter point and
Here y = 0.11 is the CDM relic density central value and s = 0.02 the corresponding inflated (to allow for theoretical uncertainties) error. The MSSM-30 parameters are passed to SPHENO [47, 48] and SUSY FLAVOR [49] packages, via the SLHA2 [50] interface, for computing the supersymmetry spectrum, mixing angles and couplings; and corresponding predictions: the branching ratios BR(
and d e,µ,τ . Using the SLHA1 [51] interface, the neutralino CDM relic density were computed using micrOMEGAs [52] while susyPOPE [53, 54] is used for computing precision observables that include the W -boson mass m W , the effective leptonic mixing angle variable sin 2 θ lep ef f , the total Z-boson decay width, Γ Z , and the other electroweak observables whose experimentally determined central values and associated errors are summarised in Table 1 . The predictions from SUSY FLAVOR were not used for fitting the MSSM-30 but could be used for comparing predictions from the two packages. The MultiNest [55, 56] package which implements the Nested Sampling algorithm [57] were used for fitting the MSSM-30 to data. The results of the Bayesian fit are the posterior probability density of the model parameters given the data, p(θ|d, H), and the support (or evidence), Z = p(d|H), for the MSSM-30 from the data used. These come directly from Bayes' theorem
The posterior probability densities of the MSSM-30 parameters and representative sparticle masses are presented in the next subsection.
Posterior distributions
The quantities of interest to be investigated from the output of the MSSM-30 fit to data are the supersymmetry-breaking parameters and the sparticle masses. The former provide an indication of the preferred regions within the MSSM-30 hyperspace which are compatible with the experimental results while from the latter an insight could be obtained concerning the prospects for detecting sparticles at the LHC and/or future colliders. The one-dimensional posterior probability distributions for the MSSM-30 parameters are shown in Figure 1 . The real and imaginary parts of the complex parameters are plotted on the same figure while the corresponding magnitudes and phases are shown in Figure 2 . In addition we also present, in Figure 2 , the posterior distribution for the nature of the neutralino LSP's gaugino-Higgsino composition (1 − Z g ) where Z g = |N 11 | 2 + |N 22 | 2 with an LSP binob, winow 3 and HiggsinosH 1,2 combinatioñ
N 1i with i = 1, 2, 3, 4 are coefficient depending on the supersymmetry-breaking parameters [58] . The neutralino is dominantly Higgsino-or gaugino-like for (1 − Z g ) approximately equal to unity or zero respectively. The nature of the LSP composition in relevant for understanding the posterior distributions of the gauge-sector supersymmetry-breaking parameters.
From Figure 2 , it can be seen that the LSP and lightest chargino are quasi-degenerate,
Secondly, the posterior of distribution of (1 − Z g ) indicates that the LSP is mostly higgsino-like. Therefore there is an efficient neutralino-chargino co-annihilations taking place for satisfying the CDM relic density requirement. The posterior distributions for the gaugino mass parameters M 1 and M 2 , and the electroweak symmetry breaking constraint control the nature of the neutralino gauginohiggsino admixtures. M 1 and M 2 remain approximately unconstrained because the scenario is similar to the cMSSM's focus point region, see e.g. [59] , where the renormalisation group running of m H 2 is decoupled from the gaugino and trilinear parameters. This is the case for the pMSSM distributions shown in dashed lines except for M 2 which looks quite different apparently due to the non-negligible interplay of the EDMs and other constrains on the imaginary parts Im(M 1 ) and Im(M 2 ) as shown in Figure 1 or the corresponding phases (φ 1,2 ) shown in Figure 2 . The gluino mass distribution is slightly preferred to be heavier relative to that in [15, 17] due to the intensity-frontier constraints.
Unlike the case for the gluino mass, the posterior distributions in Figure 1 show that the intensity-frontier constraints, plus fixing m h = 125 ± 3 GeV favour smaller values of tan β and lighter pseudoscalar Higgs boson mass M A relative to the fits in [15, 17] . The tan β feature together with the tendencies for heavier gluinos and sparticles are compatible with the effect of the EDM constraints. The EDMs tend to be proportional to tan β [63] so the prevention of EDM over-production necessarily requires lower tan β values. The fit indicates a 95% credible interval (Bayesian confidence interval) of 4.5 to 26.9 with a mean value of tan β = 13.4 ± 5.8. The value of M A is within the range of 327.8 to 3803.3 GeV at 95% credible interval with a mean-value M A = 1751.9 ± 1024.5 GeV. The application of the ATLAS and CMS collaborations' search for MSSM Higgs bosons results [60, 61] on the MSSM-30 posterior would require a dedicated interpretation of their data within the new MSSM frame.
The remaining MSSM-30 parameters, which appear in the mass-squared terms,ã 1,2,3,6,7 , x 1,2 , y 1,3,6,7 and those that appear in the trilinear couplings,ã 4, 5, 8 , y 4,5 cannot be compared due to their absence within the pMSSM. However, the mass-squared terms can be compared as shown in Figure 2 . It can be seen that the posterior sample from the flat-prior fit of the MSSM-30 to data favours supersymmetry-breaking parameters in regions deeper into the multi-TeV scale beyond the pMSSM results. This feature is expected for scenarios that alleviates the supersymmetry CP problems (see Refs. [62, 63, 64] and references therein, for instance). The CP-violating phases have to be either small or the sparticles be heavy into the multi-TeV regions. The phases were not restricted to be small for the MSSM-30 fit. The feature is also supported by the fact that radiative corrections to the lightest CP-even Higgs boson mass require heavy 3rd generation squarks for making up the constraint m h = 125 ± 3 GeV. The trilinear couplings, on another hand, are peaked around zero because values away tend to solutions with negative squark masses. The only exception here is for the leading parameter (a 4 , Im(a 4 ) in Figure 1 and the corresponding magnitude a 4 and phase φ a 4 shown in Figure 2 ) in the trilinear coupling term A U which is roughly fixed by the m h = 125 GeV constrain. 
Conclusions and outlook
We have implemented the MFV hypothesis' reparametrisation of the R-parity conserving MSSM as a prescription for selecting supersymmetry-breaking parameters at various orders, O(λ n ), n = 1, 2, 3, . . ., where λ = sin θ CB = 0.23 in a Cabibbo mixing angle (θ CB ) expansion of the flavour-violating mass and trilinear coupling terms. This leads to the construction of the phenomenological MSSM frames, namely MSSM-42 by keeping terms at order O(λ 6 ), MSSM-30 by keeping terms at order O(λ 4 ), and MSSM-24 by keeping terms at order O(λ 3 ) with 42, 30 and 24 parameters respectively. The traditional pMSSM cannot be obtained via this systematic approach because by construction it has 1st-2nd generation squark mass degeneracies and off-diagonal elements in the mass terms set to zero by hand. The MSSM-42, MSSM-30, or MSSM-24 are suitable for fundamental physics studies involving the usually unavoidable energy-and intensity-frontier effects' interplay. As a first step within our broader MSSM project, the MSSM-30 is chosen for going more significantly beyond the current R-parity conserving MSSM phenomenology constructs. The MSSM-30 parameters with O(λ 4 ) ∼ O(10 −3 ) coefficients in the MFV basis include the flavour conserving but CP-violating MSSM phases. We have performed a Bayesian global fit of the MSSM-30 to experiments data, following the standard techniques as in Refs. [15, 17] . The data consists of the Higgs boson mass, the electroweak physics, Bphysics, the electric dipole moments of the leptons and the CDM relic density observables. The posterior distributions of the 30 parameters are shown in Figure 1 . The mass term posterior distributions shown in Figure 2 indicate that the data used favours multi-TeV 1st/2nd generation and 3rd generation sparticles.
The preference for smaller/lighter values of tan β and M A compared to the case for the 2008/9 pMSSM fits [15, 17] is clear. Their posterior distributions are approximately prior-independent for the pMSSM fits [15, 17, 65] . This is also expected to be the case for the MSSM-30 since there is no feature or observable indicating otherwise, but the study of other priors is beyond the scope of the present paper 4 . The MSSM-30 flat-prior fit indicates a 95% Bayesian confidence interval of 4.5 to 26.9 for tan β with a mean value of tan β = 13.4 ± 5.8. M A is within the range of 327.8 to 3803.3 GeV at 95% credible interval with a mean-value M A = 1751.9 ± 1024.5 GeV. It would be interesting to assess the effect of the ATLAS and CMS's MSSM Higgs bosons search results [60, 61] on the MSSM-30 parameter space. This can be done by interpreting the experimental data within the MSSM-30 such as done in Ref. [26] for interpreting the supersymmetry results within the pMSSM.
Extending our analysis to the more robust MSSM-42 should be achievable in the near future, including a comparison of different priors in order to extract prior-independent information. This is a concrete project to follow-up. This is especially relevant for future studies in search for supersymmetry with the LHC or some other future collider(s). The power of the Bayesian approach in determining prior-independent results should be applied within robust phenomenological frameworks such as the MSSM-30 and MSSM-42 for this purpose. Its relevance should improve with the increasing availability of data. Having preference for multi-TeV supersymmetric particles may also add to the different arguments supporting higher energy initiatives such as a potential 100 TeV machine.
